Vitamin D status, parathyroid hormone (PTH) level and their associations with blood pressure in Chinese population are unknown. This study examined these associations in older Chinese men. Blood pressure, serum 25-hydroxyvitamin D (25OHD) and PTH was measured in 939 community-dwelling Chinese men aged 65 years and older. Linear regression analyses were performed with adjustments for age, body mass index, education, season of measurement, medication use, self-reported history of stroke and Parkinson's disease, and other lifestyle factors. In either crude or adjusted models, serum 25OHD was not associated with blood pressure, whereas increasing PTH levels was associated with higher blood pressure. Men in the highest quartile of serum PTH level had a mean difference of 3.4 mm Hg and 2.8 mm Hg higher in as systolic blood pressure (SBP) and diastolic blood pressure (DBP), respectively, than men in the lowest quartile of serum PTH level (P trend ¼ 0.019 for SBP and o0.001 for DBP). In conclusion, the findings support an association between serum PTH and blood pressure, but not for serum 25OHD in older Chinese men whose vitamin D status is optimal. The lack of association between serum 25OHD and blood pressure may possibly because of the relatively high serum 25OHD levels of the study sample.
Introduction
Hypertension is an important public health challenge worldwide because of its high prevalence as well as enormous burden on morbidity and mortality. Worldwide hypertension is estimated to cause 7 million premature deaths and is responsible for around 5% of the current global disease burden. 1 Hypertension also poses a significant disease burden in Hong Kong, and its prevalence, rate of in-patient discharges and deaths and death rate attributed to hypertensive diseases increased sharply with age. 2 Numerous studies have shown that lifestyle factors are contributory factors for blood pressure and the risk of hypertension. 3, 4 A diet high in sodium intake and low potassium, calcium and magnesium intake is associated with a higher blood pressure. [5] [6] [7] [8] Physical inactivity is also a risk factor for coronary heart disease in the elderly, through predisposition to the development of hypertension. 9 Vitamin D deficiency is now recognised as a serious public health problem worldwide. [10] [11] [12] Previous studies also showed that vitamin D deficiency was common in Hong Kong. In a study describing the vitamin D status of women of child-bearing age in Hong Kong and Beijing, vitamin D deficiency (p25 nmol l À1 ) was found in 40% of Beijing and 18% of Hong Kong women, and over 90% of women in both cities were insufficient (p50 nmol l À1 ). 13 In another study, the impact of vitamin D insufficiency on risk of low bone mass, falls and osteoporotic fractures in 382 community dwelling Chinese adults over 50 years in Hong Kong was examined. 14 The study showed that vitamin D insufficiency was common, and male sex, instead of female sex was also associated with low serum 25-hydroxyvitamin D (25OHD) levels in this community sample. A telephone interview survey of 547 middle-aged and elderly Chinese women living in Hong Kong also showed that 62.3% women actively avoided sunlight exposure by staying indoors or using sunscreen products and parasols. 15 In recent years, there is increasing evidence to support an association between vitamin D status and blood pressure. 10 Scragg et al. reported an inverse association between serum 25OHD and blood pressure in the cross-sectional analysis, using data from 12 644 people aged X20 years without use of hypertensive medication in the Third US National Health and Nutrition Examination Survey. 16 Jorde et al., in the Tromsø Study, further confirmed this cross-sectional association, but failed to find a relation between change in serum 25OHD levels and change in blood pressure nor that serum 25OHD levels predict future hypertension. 17 An association between poor vitamin D status and blood pressure or hypertension could potentially be mediated by elevated parathyroid hormone (PTH) levels. 18, 19 Increased PTH level was associated with elevated blood pressure and hypertension in several studies. 20, 21 However, most studies were conducted on Western populations. Little is known of Chinese populations whose dietary habits and lifestyle differ from those of Western populations. The objective of this study was to examine the association between serum 25OHD or PTH, and blood pressure in Chinese men aged 65 or over in Hong Kong.
Methods

Study population
Participants were from the Mr Os Hong Kong cohort, 22 which was part of an international study of Osteoporotic Fractures in Men (Mr Os) also carried out in the United States 23 and Sweden. 24 A total of 2000 Chinese men aged 65 years or over living in the community were recruited in a health survey between 2001 and 2003. They were invited to the study centre for a comprehensive health check, by placing recruitment notices in community centers for the older people and housing estates. Several talks were also given at these centers explaining the purpose, procedures and investigations to be carried out. The inclusion criteria were that all participants should be able to walk or take public transport to the study site at the University teaching hospital in Shatin. Subjects who had bilateral hip replacements and who could not walk independently were excluded. As there was neither census listing nor general practice register for random population sampling in Hong Kong, subjects were recruited on voluntary basis and recruitment was stopped once the target sample size was reached. The aim was to recruit a stratified sample so that approximately 33% would be in each of these age groups: 65-69, 70-74, 75 þ . Compared with the general population in this age group, participants had higher educational level (12-18 vs 3-9% with tertiary education in the age groups 80 þ , 75-79,70-74 and 65-69 years). 25 This study was approved by the Clinical Research Ethics Committee of the Chinese University of Hong Kong. Written informed consent was obtained from all subjects. A total of 2000 men were recruited and interviewed at baseline. A random subpopulation consisting of 988 men had fasting venous sampling for assay of serum 25OHD and PTH. Among these 988 men, data from 49 men were excluded in this paper because of the supplemental use of multivitamins containing vitamin D or an extreme value of serum 25OHD or PTH level. This paper therefore presented data from 939 men (47% of the original cohort).
The questionnaire Information was collected regarding age, education, smoking habit, alcohol use, self-reported history of stroke and Parkinson's disease, physical activity and dietary intake. Information on the duration and level of past and current use of cigarettes, cigars and pipes was obtained. Smoking history was classified in terms of former smoking (at least 100 cigarettes smoked in a lifetime), current smoking and never smoking. For alcohol consumption, subjects were asked to report their daily frequency of intake of alcohol and other beverages in portion sizes specified on the semi-quantitative food frequency questionnaire. They were also asked to report on how many days of the week they consumed alcohol. Drinking status was defined as never, former or current drinker. Current drinkers were defined as those who drank at least 12 drinks of beer, wine (including Chinese wine) or liquor over the previous 12 months. Self-reported medical history was obtained at baseline on the basis of the subjects' report of their physician's diagnoses, supplemented by the identification of drugs brought to the interviewers.
Physical activity level was assessed using the Physical Activity Scale of the Elderly (PASE). 26 This is a 12-item scale measuring the average number of hours per day spent in leisure, household and occupational physical activities over the previous 7-days period. Activity weights for each item were determined on the basis of the amount of energy spent, and each item score was calculated by multiplying the activity weight with daily activity frequency. A summary score of all the items reflects the daily physical activity level.
Dietary intake was assessed at baseline using a semi-quantitative food frequency questionnaire, and mean nutrient quantitation per day was calculated using food tables derived from McCance and Widdowson, 27 and the Chinese Medical Sciences Institute. 28 The food frequency questionnaire had been validated with the basal metabolic rate calculation and the 24-h sodium/creatinine and potassium/ creatinine analysis. 29 The food frequency questionnaire consisted of 280 food items from seven Vitamin D, parathyroid hormone and blood pressurecategories of food groups; Bread/pasta/rice; vegetables; fruits; meat/fish/eggs; beverages; dimsum/ snacks; soups; and oil/salt/sauces. Each subject was asked to complete the questionnaire-the food item, the size of each portion, the number of times of consumption each day and each week. Portion size was explained to subjects using a catalogue of pictures of individual food portions. The amount of cooking oil was estimated according to the method of preparing different foods. For food items consumed less than once per week, information was obtained for consumption pattern over 1 year and the quantitation per day or week adjusted accordingly.
Measurement of blood pressure
Blood pressure was measured after 5 min rest in the sitting position using a standard mercury sphygmomanometer (WA Baum Co. Inc., Copiague, NY, USA) by trained staff. The first and fifth Korotkoff phases were recorded as SBP (SBP) and diastolic blood pressure (DBP). The average of two readings was taken. Hypertension was defined as SBP X140 mm Hg and/or DBP X90 mm Hg, and/or use of anti-hypertensive medication. 30 Anti-hypertension medication included in this study were diuretics, beta blockers, angiotensin converting enzyme inhibitors, angiotensin receptor antagonist, calcium channel blockers and alpha blockers. To obtain information on medication use, the participants had to show all the drugs he/she used at the moment of the medical interview at the study centre. The names, types and doses were noted by the interviewer.
Physical measurements
Body weight was measured, with subjects wearing a light gown, by the Physician Balance Beam Scale (Healthometer, Alsip, IL, USA). Height was measured by the Holtain Harpenden stadiometer (Holtain Ltd, Crosswell, UK). Body mass index (BMI) was calculated as (body weight in kg per (height in m) 2 ).
Serum analyses of 25OHD and PTH
Fasting venous samples were collected at baseline for assay of serum 25OHD and PTH. Serum was stored at À80 1C and levels of 25OHD were measured by a competitive radioimmunoassay (DiaSorin, Stillwater, MN, USA). This assay measures both 25OHD3 and 25OHD2. Intraassay and interassay CVs were 6 and 18%, respectively. Serum levels of intact PTH were measured by an immunoluminometric assay (Diagnostic Products Corp., Los Angeles, CA, USA). Intraassay and interassay CVs were 5 and 9%, respectively.
Statistical analysis
All statistical analyses were performed using the statistical package SPSS version 16.0 (SPSS Inc., Chicago IL, USA). Data was checked for normality by descriptive analysis and data transformation was applied for skewed data. Student's t-test and the w 2 -test were used to test for differences in mean age, BMI, Physical Activity Scale of the Elderly, dietary intake of sodium, potassium, calcium, magnesium, and also differences in distribution of education level, smoking status, alcohol use, use of antihypertensive medication, and self-reported history of stroke and Parkinson's disease between participants with blood measurement and participants without blood measurement. Serum 25OHD and PTH levels were stratified into quartiles for analyses. Differences across serum 25OHD and PTH quartiles were calculated by w 2 -test for categorical variables and by analysis of variance with P for trend or nonparametric KrusalWallis test for continuous variables. Analysis of covariance was applied to examine the association between quartiles of serum 25OHD or PTH level and SBP or DBP. Multivariate models were adjusted for potential confounding factors, including age (years), BMI (kg m À2 ), Physical Activity Scale of the Elderly, education level (primary or below, secondary or matriculation, University or above), smoking status (never smoker vs ex-or current smoker), alcohol use (yes vs no), dietary intake of calcium, sodium, potassium, magnesium and season of serum 25OHD measurement (spring and winter vs summer and autumn), use of antihypertensive medications (yes vs no) and self-reported history of stroke (yes vs no) and Parkinson's disease (yes vs no). An a level of 5% was used as the level of significance.
Results
There were no significant differences in education level, smoking status, alcohol use, daily intake of calcium, sodium, magnesium and potassium from diet, use of anti-hypertensive medications, and selfreported history of stroke and Parkinson's disease between men with (n ¼ 988) and without (n ¼ 1 012) assay of serum 25OHD and PTH. However, men with assay of serum 25OHD and PTH were older, more likely to exercise and had lower BMI (Po0.05) (data not shown).
Characteristics of 939 men in the final sample are shown in Table 1 and Table 2 (Table 2) . No significant differences in other lifestyle factors, use of anti-hypertensive drugs, and self-reported history of stroke and Parkinson's disease among the four quartiles of serum 25OHD or PTH were observed.
Serum 25OHD was not associated with either SBP or DBP in crude model or in adjusted models (Table 3 ). In contrast, higher serum PTH level was statistically associated with higher SBP and DBP, and this association remained statistically significant after controlling for other confounders. Men in the highest quartile of serum PTH level had a mean difference of 3.4 and 2.8 mm Hg higher in SBP and DBP, respectively, than men in the lowest quartile of serum PTH level (P trend ¼ 0.019 for SBP and o0.001 for DBP) ( Table 3) . A stronger association between serum PTH level and SBP or DBP was observed when subjects using anti-hypertensive medication were excluded (Table 4) .
Discussion
In this cross-sectional study of 939 communitydwelling older men, vitamin D status was not significantly associated with blood pressure, whereas increasing PTH levels was associated with higher SBP and DBP. These findings are supported by results of some observational studies, 31, 32 but not the others. 16, 21, 33 In the Longitudinal Ageing Study Amsterdam, serum PTH rather than serum 25OHD was associated with SBP or DBP, or prevalence of hypertension in 1205 men and women aged 65 years and older after adjustment of potential confounders. 31 The result was consistent with that of the Ranch Bernardo Study. In the Ranch Bernardo Study with 1070 men and women with mean age of 74.5 years, serum 25OHD was not associated with prevalence of hypertension in both sexes, whereas increasing level of PTH was significantly associated 
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(n ¼ 252) Vitamin D, parathyroid hormone and blood pressurewith higher prevalence of hypertension in men but not in women in the adjusted models. 32 In contrast, results of the National Health and Nutrition Examination Survey (2003 Survey ( -2006 ) with large sample size have shown that both serum concentrations of 25OHD and PTH were independently associated with blood pressure and with the presence of hypertension or prehypertension among the United States adults. 21 Many studies have also reported that PTH levels are associated with increased blood pressure 34, 35 and a higher risk of hypertension. 20 Although we did not find any association between serum 25OHD and blood pressure, previous crosssectional studies 16, 33 have documented an inverse relationship between serum 25OHD and blood pressure. In the cross-sectional analyses restricted to 12 644 people aged 20 years and above, mean (standard error) SBP was 3.0 (0.7) mm Hg lower (P ¼ 0.0004) and DBP was 1.6 (0.6) mm Hg lower (P ¼ 0.011) for participants in the highest quintile (25OHDX85.7 nmol l À1 ) compared with the lowest (25OHDo40.4 nmol l À1 ), after adjustment for age, sex, ethnicity and physical activity. 16 Evidence from prospective studies, however, are limited and mixed. One study reported no association between serum 25OHD and future hypertension or change in blood pressure, 17 whereas other studies demonstrated a positive association between plasma 25OHD and risk of developing hypertension. 36, 37 The lack of association between vitamin D status and blood pressure might be attributable to the relatively high baseline levels of serum 25OHD among the participants in these studies, as in our study. 18 To our knowledge, only one study has been conducted to examine the association between plasma 25OHD and blood pressure in Chinese. 38 In the study by Lu et al., the main objective was to examine the cross-sectional association of plasma 25OHD with metabolic syndrome in 1443 men Vitamin D, parathyroid hormone and blood pressureand 1819 women aged 50-70 years from Beijing and Shanghai in China. An inverse association between plasma 25OHD and DBP, but not SBP in both simple and adjusted analyses was observed. The result was different from that of ours. We speculated that the difference in vitamin D status between the two studies was the main reason to explain the conflicting results. In Lu's study, the mean of plasma 25OHD was 40.4 nmol l À1 and the percentage of vitamin D deficiency was 69.2%. In our study, the mean serum 25OHD level was 77.9 nmol l À1 and only 5.9% of subjects was vitamin D deficient. The high mean 25OHD levels and low prevalence of vitamin D deficiency may lessen the chances of detecting an inverse association between serum 25OHD and blood pressure in our study.
Several mechanisms may help explain the relationships among vitamin D, PTH and blood pressure. 18 The renin-angiotensin-aldosterone system has a central role in the regulation of blood pressure and electrolyte, and volume homeostasis. Vitamin D has been shown to suppress renin-angiotensin-aldosterone system by inactivating renin gene expression and inhibiting renin synthesis. 39 Other antihypertensive effects of vitamin D include renoprotective effects, vasodilatatory and antiatherosclerotic properties, and effects on calcium homeostasis including prevention of secondary hyperparathyroidism. 18, 40, 41 In contrast, PTH has been shown to stimulate renin release by activation of the renin-angiotensinaldosterone system. 18 Additionally, PTH may affect blood pressure by its direct effects on arteries and Strength of our study includes adjustment for several potential confounders, including dietary intake of nutrients relevant to blood pressure. However, our study had several limitations. First, our study is cross-sectional in nature, which precludes establishing causal relationships between serum concentrations of 25OHD and PTH, and blood pressure or hypertension. Second, our study consisted of moderate sample size of about 1000 men, which decreased the probability of detecting a significant association between serum 25OHD and blood pressure. Third, the high mean 25OHD levels (77.9 nmol l À1 ) indicated that this sample would have few men with very low serum 25OHD levels, which may lessen the chances of detecting an inverse association between serum 25OHD and blood pressure. Furthermore, we did not collect information on medical history of chronic kidney disease, which has been suggested as one of the important confounders. 43 Another limitation was the use of a single measurement of serum 25OHD and PTH. It can be questioned whether serum 25OHD and PTH level measured at a single point in time reflects only recent exposure rather than long-term exposure. Moreover, our sample as a whole was of a higher educational standard compared with the general Hong Kong population, and there were slight differences in some demographic and lifestyle characteristics between those with and without serum assays. In addition, the subjects were neither selected randomly from the general population nor recruited from a welldefined population. Therefore, the results may not be generalised to the general population.
In conclusion, this study shows that vitamin D status is not associated with blood pressure, whereas increasing PTH levels is associated with higher blood pressure in a sample of communitydwelling Chinese older men that vitamin D deficiency is not common. Future prospective studies and controlled trials should evaluate the role of serum 25OHD and PTH as determinants of blood pressure in populations with higher prevalence of vitamin D deficiency.
